While Ecstasy (3,4-methylenedioxymethamphetamine, MDMA) has been shown to modulate immune responses, no studies have addressed drug-induced alterations to viral infection. In this study, bone marrow-derived macrophages were exposed to MDMA, then infected with murine gammaherpesvirus-68, and the expression of monokines assessed. MDMA-induced reductions in virus-stimulated monokine mRNA expression were observed in a dose-dependent manner. In particular, IL-6 mRNA expression and secretion was significantly decreased in gammaherpesvirus-infected macrophages exposed to MDMA. Concentrations of MDMA capable of reducing monokine production did not induce significant cell death and allowed normal viral gene expression. These studies represent the first to demonstrate the ability of this drug of abuse to alter a viral-induced macrophage response.
Introduction
Ecstasy, (+/À)-3,4-methylenedioxymethamphetamine (MDMA), is a ring-substituted amphetamine derivative that is also structurally related to the hallucinogenic compound mescaline (Green et al., 2003) . As a potent releaser of the neurotransmitters, serotonin and noradrenaline, and to a lesser extent, dopamine, MDMA creates a relaxed, euphoric state, including emotional openness, increased empathy, and a decrease in inhibitions (Green et al., 1995 (Green et al., , 2003 Kalant, 2001) . The drug produces an array of physiological responses including hyperthermia, acute sympathomimetic effects (e.g. increased heart rate and blood pressure), transient increases in anxiety, and increased activation of the hypothalamic-pituitary-adrenal axis. Ecstasy is also associated with a number of serious side effects including cardiac arrhythmias, renal failure, seizures, and intracranial hemorrhage. Ingestion of the drug may result in long-term neurotoxic effects on central serotonergic neurons, a potential predisposing factor to psychological disturbances or psychiatric disease.
Although Ecstasy is one of the more popular club drugs used by teenagers and young adults (Landry, 2002), very little consideration has been given to the consequences of MDMA abuse on the immune response against infectious diseases (Connor, 2004; Pacifici et al., 2000) . In general, drug abusers have long been known to be more susceptible to infectious diseases (Friedman et al., 2003) , however, the exact mechanisms for increased susceptibility from drug abuse are not always clear. In vivo, MDMA decreases neutrophil phagocytosis (Connor, 2004) , suppresses the generation of LPS-induced pro-inflammatory cytokines TNF-a and IL-1b (Connor et al., 2000b, 2001b) and increases the LPS-induced production of the anti-inflammatory cytokine IL-10 (Connor et al., 2005) . The increased production of IL-10 suppresses IFN-c secretion and signaling (Boyle and Connor, 2007) . The number of circulating natural killer cells increases (Pacifici et al., 1999 (Pacifici et al., , 2000 (Pacifici et al., , 2001a (Pacifici et al., , 2001b (Pacifici et al., , 2002 
